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TECHNICATL. NOTE NO. 1525 .

STRESS AND DISTORTION MEASUREMENTS IN A
45° SWEPT BOX BEAM SUBJECTED TO
BENDING AND TO TORSION ¢

By Goorge Zender and Charles Libove
SUMMARY 3

An untaepered aluminum—elloy box beam, represent:lng the main
structural component of & full-span, two—spar, 15° swept wing with a
carry-through dbay, was sBubjected to tip bending and twisting loads
and its stresses and distortione were measured. ©Only symmetrical
losding was considered and the stresses were kept below the propor—
tional limit, ¢ T

The investigation revealed that for bending the important
effect of sweep was to cause a considerable build—up of normal stress
and vertical shear stress in the rear spar (when copsidering the box
beam as sweptback) near the fuselage. No such marked effect
accompanied torsion. The stresses in the outer portions Hf the
box, both in bending and in torsion, appeared to be undffected by
sweep and agreed falirly well with the stresses glven by elementery
beam formmlas.,

The investigation further revealed that the spar deflections of
the swept box beam could be estimated approximately by analyzing the
outer portions of the box beam as ordinary cantllevers and making
ad justments for the flexibility of the inboard portion to which the
cantilevers are Joined.

INTRODUCTION

Present designs of alrcraft for transonic speeds call for wings
with large angles of sweep. In order to study the structural problems
encountered in the design of swept wings a L45° swept box beam, shown
in figures 1 and 2, was subjected to symmetrical tip loading and its
stresses and distortions were msasured. This paper gives the
measured data and compares the stresses with those glven by standard
beam formulas and the distortions with those estimated on the basis of
approximate calculations.
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SYMBOIS

area enclosed by cross section, square inches

area of flange, square inches

Young's modulus of elasticity (10,500 ksi)
shear modulus of elasticity (LOOO ksi)
geomptric moment of inertla, 1nches,+
torsional stiffness constant, inchasu
shear—lag parameter

length, inches

bending moment, kip-inches

load, kips

static moment, inches3
torque, kip-inches
shear force, kilps
longitudinal force, kips

depth of box beam, inches

width of box beam, inches

distance from neutral axis to any fiber, inches
depth of spar web, inches

length of triangular bay, inches

length of portions of carry—through bay, inches
perimeter of cross section, inches

thickness, inches

thickness of spar web, incI;es

thickness of cover sheet, inches

1525
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x distance from origin, inches

¥y deflection, inches

Yr deflection of front spar, inches

YR deflection of resr spar, inches

w werping displacement due to torgque, inches

Vo werping displacement at cross section he due to bend.-ing
stresses, inches

a rotaetlon of cantilever portion due to flexibility of
carry-through bay, radians

W shear strain of spar webd

6 rotation of cantilever portion due to flexibllity of

triengular bey, radians
A angle of swveep, degrees
longitudinal stress, ksi

¢ rotation of cross section due to torque, radians
TEST SPECIMEN

The pertinent detalls of the swept box beam are shown in figure 3.
(Bereinafter the box beam is referred to as sweptback rather than
swept, thus meking it convenient to refer to the spars (or sidewalls)
as "front" and "rear" without ambiguity.) The sweptback parts con—
sisted of two boxee with thelr longitudinal axes at right angles,
Joined by and continuous with a short rectangular carry—through bay
representing that part of the wing inside the fuselage. The material
of the specimen was 24S-T aluminum alloy except for the bulkheads.
The bulkheads consisted of rectenguler steel sheets with a 90° bend
at each edge, forming flanges for attachment to the spars and covers.
Bulkheads 2, 3, 4, and 5 were §3§—mch thick, whereas all other bulk—

heads were %-1nch thick.

The cover sheet and front spar web, but not the rear spar web,
were spliced at the center line of the carry-through bay, and the
stringers and spar flanges were spliced at.the ends of the carry-—
through bay, as shown in figurs 3. The front and rear spars were also
reinforced at the ends of the carry—through bay where the box beam was
supported. : '
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METHOD OF TESTIKG

The setups for bending and twisting tests are shown in figures 1
and 2, respectively. The box was supported by steel rollers, with
axes parallel to the direction of flight, at the four corners of the
carry—through bay, and loads were applied at the tips of the box.
(The bulkheeds at the ends of the carry—through bay and the vertical
reactions provided by the rollers taken together were assumed to
represent the restraint that might be provided by a fuselsge to the
wing.) All loads were applied symmetrically at both tips by msens
of hand—operated winches. At each tip the load was transferred from
the winch to a horizontel steel I-beam and then to the tlp bulkhead
in such a manner that the resultant load applied to the box was a
vertical force acting through the center of the tip cross section
for bending or a pure torque acting in the plane of the tip cross
section for torsion.

Forces exerted by the winches were measured by means of dyne—
mometers on which the smallest division was equivalent to approximately
10 pounds. Strains were measured only on the right half of the box
beam by means of Tuckerman optical strain gages. A 2—inch gage length
(smallest division, 0.000004 in./in.) was used for the measurement of
all stringer strsins; strains at a 459 angle to the spar-web center
lines, used to determine shear stresses, were alsc measured with a
2-inch gage length (smallest division, 0.000002 in./in.). A l-inch
gage length (smallest division, 0.000004 in./in.) was used to obtain
all other strains. Stringer and flange strains were converted to
stresses using a value of E = 10,500 ksl; shear stresses were
obtained from shear strains using e value of G = 4000 ksi. Spar
deflesctions were measured by means of diel gages along the top
flanges of the spars. The smallest division of these gages was .
equivalent to 0.001 inch in the bending testes and 0.0001 iInch in the
torsion tests.

RESULTS

Stresses due to bending.— The normel strsssges in the stringers and
flanges due to tip bending loeds of 2.5 kips are shown in figure b
and are compared with the stresses given by the formuls Mo or
elementary beam theory, shown by means of dashed lines. e top—cover
end spar shear stresses due to the same bending loads are shown in
figure 5 and are compared with the stresses 117% of olementé.ry beam
theory. The dotted parts of the stress curves in figures L and 5 in
the inboard region of the rear spar are extrepolations representing
the stresses.that would exist 1f there were no reinforcement of the
spar where it entered the carry-through bay.

Te
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Stmsses due to torsion.~ The shear stresses in the top cover and
spar webs due to tip twisting moments of 43.42 kip—-inches are given in

figure 6 and are compared with the stresses 2_}5 of ordinary shell

theory. The stringer stresses developed by the seme twisting moments
are plotted in figure 7. The stringsr stresses near the center line

of the box beam in figure T are compared with the I‘iI':’-—estretats; due to

the component of the tip torgque which produces bending of the carry—
through bay. .

Distortions due to bending.— The measured. spar deflections due to-
tip loads of 2.5 kips are given in figure 8(za) end ere compared with
computed spar deflections shown by means of dashed curves. The
computed deflection curvese were obtained by assuming the beam to be
‘clamped as a cantilever at bulkhead 6 and superimposing on the cantl—
lever deflectione +the deflections due to the flexibility of the inmer
portion of the beam. A detalled description of these computations is
contalned in appendix A.

The measured. and computed spar deflections shown in figure 8(a)
were used to calculate the rotations (in their own planes) of cross
sections perpendicular to the spars and cross sections parallel to
the direction of flight. These cross—sectional rotations are shown
in figure 8(b).

Distortions due to torsion.— The measured spar deflectlons due to
tip twisting momente of 43.42 kip—inches are given in figure 9(z) and
are compared with computed spar deflections, shown by means of dashed’

to

curves, obtained by epplying ordinary torsionxthaory = %"

the outer portion of the beam and then superimposing rigid-body
translations. and rotations due to the flexibility of the inner portion
of the beam. The detalls of these computations ere in appendix B.

The measured and computed sper deflections shown in figure 9(9.)
were used to calculate the cross—-sectional rotations shown in -

figure 9(b). o . -

A1

DISCUSSION

Stresses due to bending.— The comparisons of experimental and
computed results in figures 4 and 5 reveal that the stresses in the
outer portions of the sweptback box beam, between the tip and a cross -
section about one chord length from bulkhead 6, are substantially the
same as those glven by elementary heam theory.' Only the remmining
portion of the box beam a.ppea.rs to be a.pprecia.bly affected by sweepback
and shear-lmag effects. -
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The important effect of sweepback, as indicated in figures &
and 5, 18 to cause an increase of normal stress and vertical shear in
the rear spar immedliately outboard of bulkhead 6 and a corresponding
relief of stress in the front spar outboard of bulkheed 6. The
normal etress in the rear spar outboard of bulkhead 6, extrapolated
to eliminate the effect of local reinforcement, was 1.4L0 times the
%?-—stress and the vertical shear stress, also extrapolated, was
1.33 times the vertical shear stress at the tip.

The build-up of stress in the reer spar near the carry-through
bay can be explained gualitatively as followst: If the elastic
restralnt provided by the portion of the box beam inboard of
bulkhead 6 were symmetrical, the stress distribution in the portion
of the box outboard of bulkhead 6 would be as shown in figure 10(a).
Actually, because of the triangular bay between bulkheads 6 and 8,
more restraint 1s offered to the rear spar than to the front spar,
and as a2 result the front spar rotates more in 1ts own plane at
bulkhead 6 than does the rear spar. The result is a warping of
the cross section at bulkhead 6. Such a warping can be produced
by means of a self-equillibrating antisymmetrical stress distribution
applied to the portion outboard of bulkhead 6 as shown in figure 10(b).
By the principle of superposition, the strese distribution of that
portion of the sweptback box beam outboard of bdulkhead 6 can be
obtained by superimposing the stress distributions shown in
figures 10(a) and 10(b). The resulting stress distribution is shown
in figure 10(c) and is seen to be in good qualitative sgreement, as
far as the main characteristics are concerned, with the measured stress
distributions outboard of bulkhead 6 shown in figures 4 and 5.

Calculatione made for the box beam described herein and for =
small Plexiglas box beam, simllerly constructed and similerly loaded
but having a solid carry—through bey clsmped between two support
blocks, indicate that the shear—leg pert of the stress distribution
at bulkhead 6 (fig. 10(a)) can be estimated by replacing the
triangular bay by a rectangular bay clamped at 1its inboard end, with
a length equal to 15 percent of the length of the front spar of the
triangular bay, and making a conventional shear-lag calculation
(reference 1) for the resulting cantilever box beam. The unknown -
magnitude of the torsion-bending part of the stress distribution
(fig. 10(b)) could be estimated by applying the principle that the
warping of the cross section at bulkhead 6 due to the stresses in
figures 10(a) and 10{b), vhen the cross section is considersd part of
the inner portion (made up of the triangular and carry—through bays),
must be the same as the warping when the cross section is considered
part of the cantilever outer portion (shown in fig. 10). Such
estimates would be necessarily crude because no theoretical deata
oexist on the response of the inner portion to the stress distributions
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shown in figures 10(a) and 10(b), although the response of the outer
portion can be calculated from existing formules (reference 2).

Stresses due to torsion.— The comparisons in figure 6 reveal that
the top—cover and spar shear stresses due to tip twisting moments are
substantially the same as those given by the elementary formila

(for torsion with constant rate of twist) in the outer portion of the
beam, extending from the tip to a cross section about one chord length
from bulkhead 6. From this cross section inboard to bulkhead 6 the
cover and spar sheers change slightly from thelr elementary values as a
result of the restralint against cross—sectlonal warping provided by

the triangular bay. This restraint against warping produces longi-
‘tudinal stringer stresses (fig. 7) about half the magnitude of the

shear stress 2—2; at bulkhead 6. From bulkhead 6 toward bulkhead 8

in the triangular bey both the cover end spar shears show & marked
decrease,

Calculations show that, for the purpose of estimating the cover
and spar sheers and the bending stresses due to torsion Just outboard
of bulkhead 6, the triangular bay may be replaced by a rectangular
bay of half the length clamped at iis inboard end. The resulting
structure is an ordlinary cantilever box beam and the theory and
formulas of reference 2 may be applied.

Distortions due to bending.— The reasonably good agreemsnt
between the theoretical and experimental spar deflections in figure 8(a)
indicates the correctness of the basic sssumption used in appendix A
in estimating the spar deflections. This assumptlon is that as far
as bending deflections are concerned the sweptback box beam behaves
essentially as an ordinasry cantilever from bulkhead 6 out, with dis—
placements due to the flexibility of the carry—through bay and the
triangular bay superimposed on the cantilever distortions,

The comperisons in figure 8(b) between the measured cross—
gsectional rotations and those deduced from the calculated spar '
deflections of figure 8(a) indicate that the calculated spar deflec—
tlons are not accurate enough to.use for the purpose of obtaining '
cross—8sctional rotations, particularly rotations messured perpen—"
dicular to thé spars.  According to the asssumptions used in calculating
spar 'deflections in appendix A, rotations in thelir own planes of cross
sections perpendicular to the spars can arise only from the bending
of the carry—through bay. These rotations are gliven by the horizontal
dashed curve in figure 8(b). The disagreemsnt between this curve and
the measured cross—sectionzl rotations is the result of an Indetermi-
nate amount of bending of bulkhead 6 in its own plane as well as the
rate of twist caused by the warping of the croes section at bulkhead 6.
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In order to check the approximate theory for calculating spar
deflections, the bending test was repeated on a small Plexiglas model
of construction similer to that of the large model but having a solid
carry--through bay clamped between two support blocks. The same
methods were used to calculate the spar deflections as were used for
the large model, and the agreement between theory and experiment for
the Plexlglas wing was as good as that obtalned for the metal wing.

Distortions due to torsion.— Flgure 9 indicates falr agreemesnt
between the experimental distortions and those calculated in appendix B. .
The torsion test was repeated on the small Plexiglas model mentioned
in the previous section and the agreement between the experimental and
calculated results was of the same order as that obtained for the
large box beam.

CONCLUSIONS

The following conclusions apply to an untapered, aluminum-alloy,
h5 sweptback box beam of the type for which test results are reported
in this paper. The box beam was constructed to represent the mein
structural component of a full—span, two-spar, 45° swept wing with a
rectangular carry-through bay and with ribs placed perpendicular to
the spars. The conclusions are based on tests in which the loading
was applied symmetrically with respect to the carry-through bay and
consisted of vertical forces (bending loads) and torques (twisting
loads) applied in the planes of the two tip crose sections. A cross
section should be understood to mean a sectlion cut by a plane
perpendicular to the spars or side walls.

1. The stress phenomena pesculisr to sweepback are confined to
that portion of the box beam in and near the fuselage. The stresses
in the outer portion of the box beam tested, extending from the tip
to_a _cross section approximately one chord length from thg lest
complete inboard cross section, were given with reasonable accuracy
by elementary formulas for bending and torsion of beams,

2. The maln effect of sweepback on the stresses due to
bending loads is to produce a concentration of normal stress and
vertical shear in the rear spar at the cross section immediately
outboard of the carry-~through bay, whereas the normel stress and
vertical shear in the front spar at this croes sectlon are relleved.

3. The most marked feature of the stresses dus to torque loads
is an appreciable decrease in the shear stresses in the covers and
front spar in that portlion of the box beam near the fuselage.
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L. The sper deflections of the sweptback box beam can be estimated .
a.pproz:lmtely by considering the outboard portions to be cantilevers
and superimposing on the cantilever distortions rigild-body movements
due to the flexibility of the inboard region to which the cantilevers
ars attached.

Langley Memorial Aeronsutlcal Laborstory
National Advisory Committee for Aeronsutics
Lengley Field, Va., December 12, 1947
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APPERDIX A
CALCULATIONS FOR DISTORTIONS IN BENDING

The theoretical spar deflections plotted in figure 8(a) are the
sum of four separately calculated deflections.

The first of the component deflections are those obtalned by
assuming the portion of the beam outboard of bulkhead 6 (see
accompenying sketch) to be clamped as a cantilever at bulkhead 6
and applying elementary bending theory to celculate 1ts deflections.

B

A

Bulkhead 6

P =2.5 kips
This assumption gives the following deflections yp and yp for the
front and rear spars, respectlvely:

IR = PL3 l:—(L E(L ]
135088933 [(8'9') " 6(8‘) :]

0.440x2( 267 — )10 1nches (A1)

JF

ll

hii
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The second group of deflectlons comprises those due to shear 1n
the spar webs, with the beam still assumed clamped as a cantilever at
bulkhead 6. The spar deflections due to shear are calculated by
assuming the vertical shear to be uniformly distributed in the spar
webs (of depth h and thickness tg) and calculating the resulting
shear strain e For the symmetricel cross—section beam comnsidered

in the preceding paragraph, the shears are equal in the two spars
and the spar deflections due to shear can be written as

&=maﬁ;
[ P X
2ht,G

- 2.5
" 2(7)(0.078)(%000)

= 0.0005T2x (a2)

The third group of spar deflections are those due ito the flexi-
bility of the trianguler bay, which is assumed to contribute a
rotation € %o the cantilsver about axis A-A., The magnitude of this
rotation 6 is calculated approximately by assuming the rotation to
be the sams as that which would be produced at the end of a rectangular
bay of length squal to the average length of the triangular bey, if
the rectengular bay were clamped at one end, the known bending moment
at bulkhead 6 were applied at the other end, and plane sections were
assumsd to remain plans. The following sketch shows the rectangulu'

bay in plan and elevatlon:

T T30

l\\y

e‘\\ T \\
2(e N
WXy
[ &
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‘Fron elementary beam theory,

- BLi
EI

. 2.§(§?)(l§)
10500(90.2}

= 0.,00353 radian

The apar deflections produced by the rigid—-body rotation 6 about
axis A-A are simply

Yp = g = 6x = 0,00353x - (a3)

Equation (A3) can be expected to overestimate somewhat the
effect of the flexibllity of the triangular bay, inasmch as the
bending moment M 18 not uniformly distriduted over the chord but
is concentrated near the rear spar (see stresses on fig. L) where
the shortness of the triangular bay reduces 1its effectivensess in
permitting the cantilever to rotate. The flexibility of the
rectangular substitute bay also contributes to the outboard portion
of the box a small deflection (y on the skeich) which is neglected.

T last component of the total spar deflections i1s that due
to the flexibllity of the carry—-through bay, which is assumed to
contribute to the cantilever a rotation a about axis B-B (sees
first sketch of appendix A). The carry-through bay is shown in
plan and elevation in the followlng sketch and the cross—sectional
moments of inertia I; and I, in the spliced and unspliced

portions, respectively, are indicated. The moment M 1s the
moment shout axis B-B of the lmown external loadling onr half the
beam; that is, M = P(L + 15) cos A.
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Again, by applying elesmentary beem theory, the rigid-body
rotation o can be calculated as

M, Ml
¥I, ' EL,

M1 l2
-ffi.pfe.

P(L + 15) cosA (_1_1 . 12>

Q =

E o1 Te
_ 250007 (_ 5, _10 )
16500 135.15 T 122.58

= 0.00206 radian

13
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The spar deflections, produced by the rotation a

about axis B~B, are

a{x + 30) cos A

0.00208(x + 30)(0.707T)
0.00147(x + 30)

ax cos A

0.00147x

NACA TN No. 1525.-

of the cantilever

(Ak)

The total spar deflections are obtained by adding the individual

spar deflections as calculated by equations (Al) to (A4).

The

calcu—

lated individuel deflections and the total deflections for several
stations along the spars are listed in the following table:

Type of deflection Station, x
(deflection measured Sper (in.)
1?a§n.) 0 | 20 | % | 60 | 8 | 100

Cantilever deflection| Front |0 0.0435{0.1598]0.3278]0.5265]0.7345
(equation (Al)) Rear {0 O0h35] .1508( .3278| .5265] .734
:gi;égiggrdue to Front |0 .011k| .0229| .03k3] .ous8| .0572
(equation (A2)) Rear |0 .011k| ,0229! .0343! 0458 .0572

Deflection due to
flexibility of Front |0 0706 .1k12| .2118] .2824k| ,3530
triangular bay Rear |0 L0706 .1k12| .2118{ .2824| .3530
(equation (A3))

D?iﬁiiﬁiiﬁtiugft° Front [0.0441| ,0735| .1029| .1323] .1617| .1911
carry—through bay Rear |0 L0204} ,0588] .0882| .1176f .1k70
(equation (Ak))

Front|0.0441]| .1990] 4268} .7062}1.016%]|1.3358

Total deflection Rear |0 L1545 | .3827] L6621 .9723|1.2917

BPositive deflection downward.
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{Note that the station x = 100 is off the spars, but its deflections
were calculated for convenience in plotting.) The total calculated
deflections are plotted in figure 8(a).

Rotations in their own planes of cross sections perpendicular
to the spars result only from the flexlibllity of the carry-through
bay, according to the assumptions made. These rotations are constant
along the span and can be calculated by dividing the dlfference
between front and rear spar deflections at any station by the width
of the box; therefore, the rotation is ____o.c;gul = 0.00147 radian.

This value is plotted a5 the horizontal dashed line in figure 8(b).
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APPENDIX B
CAICULATIONS FOR DISTORTIONS IN TORSION

Initially the calculations for distortions in torsion are
performed on the assumption that the carry—~through bay 1s rigid.
The flexibility of the carry—through bay is taken into account later
by superimposing e rotation eabout axis B-B (see accompanying sketch)
upon thet portion of the beam outboard of bulkhead 6.

Tip torque, T = L3.42 kip-in. .

The experimental results indicate that if the effect of the
bending of the carry-~through bay is subtracted from the twist, the

rate of change of the remaining twist g‘—g— for cross sections

perpendicular to the spars is in good agreement with the dementary
formla

af | T
dx GJ

. where
C

ds
é%

J =

L |'“.I
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The value of J 1is calculated as

1;(7.05 X 29.58)
.0

Ty - 2

N

The exveriments further indicate that the twist 1tself is obtained
approximately by integrating the expression for gx and Imposing

the boundary condition @ =0 at x = 0, provided the origin for
measurement of x 1s as shown in the sketch. Therefore,

= IX
¢ GJd
_ _b3.box
4000( 1277.4)
= 0.000085x radian

wher; x is in inches. The front and resr spar deflections due
to are )

{
Jp = "%?
- -0.000085(-329>x
= —0.001278x r (B1)
Jr = %?
. = 0,001278x R

Equations (Bl) give deflections of 0.01917 inch in the front spar
at x = =15 inches and in the rear spar at x = 15 inches. But
x = =15 inches in the front spar snd x = 15 inches in the rear spar
correspond to the supports, the deflections of which must be zero. A
vertical rigid-body translation 1s therefore imposed so as to eliminate
the deflections at the supports. The front and rear spar deflections
due to this rigid-body translation are
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¥p = ¥z = -0.01917 inch (B2)

The spar deflections have thus far been calculated on the
assumption that the central axis of the beam remsins horizontal. The
continulty between the cantilever portion and the triangular portion
of the box beam will be shown to requlre a rigid-body rotation of the .
cantilever portion asbout axis A-A (see sketch in first paragraph).

First, the warping of the cros8 section at bulkhead 6 (cross
section hc in the sketch) must be calculated. The carry-through—bay
normal stress distribution in figure 7 is essentlally constant; such
a digtribution indicates a rotation but no warping of cross sectlion eh.
Since the rotatlon of cross section eh causes only a rigid-body
rotation of the outer portion, it does not affect the warping of cross
section hc. For purposes of calculating the warping of cross
section hc, the trianguler bay may therefore be assumed to be clamped
where it Joins the carry-through bay. A plausible assumption is, -
furthermore, that the warping of cross section hc 1I1n the skew
centilever abeh will be approximstely the same as the warping of .
cross section hc in the ordinary cantilever abdg clamped at cross ,.
section dg.

The warping of cross section hc In cantilever abdg can be
calculated by applyling formulas of reference 2. The box beam is .
first idealized in the usual menner into the four-element box for which -
a cross section 1s shown in the accompanying sketch.

t,, = 0.050

[' b :le = 0.86 in° )

F— 7§ ]
a = 7’05 - = - - .

{ A —%‘—-—ta = 0.078
b= puss
.

In order to simplify the calculations, the bulkheads or ribs are ~

assumed infinltely close. If no restralnt ageinst warping exlsted

(that 1s, no longitudinal stresses developed at the corners), then

all cross sections would warp (that is, each cormer of the cross sectidn
would move longltudinally) en amount W given by equation (21) of
reference 2 as
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where the sign conventions ere those of reference 2. Then,

w 43,12 (2058 _ z_qz)
~ 8(4000)(29.58)( 7. 05)\0 050 0,078

" = —0.00326 inch

Bending stresses due to torsion are developed a2t cross section gd
of sufficient megnitude to eliminate the werping of cross section gd.
Or, from equations (25), (30), and (15) of reference 2

I=HKAFE

= —-0.00326 8 !’*"0002(0 86“10500!

O 050

= —2.125 kips

The dlrection of the X-forces at the root are shown in the following
sketéh:

X = «2.125 kips

e, T = L3.42 kip in.
% ”’\

S22
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If abgd 1is regarded as one bay with infinitely close bulkheads,
equation (13) of reference 2 can be used to calculate the bending
stresses due to torsion at cross section hc. After revieion in
accordance with the notatlion used in the sketch accompenying the
first peragraph of this appendix, equation (13) of refersnce 2 gives
the following expression for the bending forces th at cross

section hc:

where

Therefore,

Ihc = O'AF
sinh (89K)
sinh (10LK)
K = SG
ApE(m + =
(5 %)
. \J 8(1000)
0.86(10500)( 682)
= 0.0721
inh 6.42
Xpe = ~2.125 :inh =5

307.01
—2.125 =——=
> 90L .02

—0.722 kip

Now if the portion abdg 18 considered a long bay, the warping
of cross section hc produced by the forces X, 1is calculated from

equations (25), (30), and (15) of reference 2 as
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X
he
¥ho = RAGE

- 0,722
0.0721(0.86)(10500)

= 0.00111 inch

The total warplng of cross section he 1s the warpilng w due to
torque, calculated previously, plus the warping wy. due to the

bending stresses developed at cross section hc by the clamplng at
the root. The total warping is therefore -~0.00326 + 0.0011l

or -0.00215 inch. If the centrel axis of the beam remmins horizontal,
the warping of cross section hc implies that a vertical line at h

in the rear spar ha must rotate through an angle of %—g—g—%
(where 7.05/2 is one-half the depth of the idealized beam) or
0.00061 radian in the plane of the spar, clockwise as viewed from
the rear. This implication violates continuity between the rear spar
and the carry-through bay (still assumed rigid). Continuity can be
reestablished by rotating portion abch upward through an angle of
0.0006L radian about exis A-A. This rigid-body rotation produces the
spar deflections

Yp = ¥g = —0.00061(x — 15) inches (B3)

for xz- 15.

The flexibility of the carry—through bay must still be taken
into account. Its effect will be a rigid—body rotation about
axis B~B, celculated by appllcation of elementary beam theory to the
cerry~through bay Just as was done in appendix A. The essentially
constant stress distributlon in the carry—through bay, as lndicated
in figure 7, mekes such a calculation more Justifiable in the present
cese than 1t was In the bending case. The equation for the rotation «
in appendix A may be used here with M replaced by

-T sin A = —(43.42)(0.707)

= ~30.7 inch~kips

with the result thet o = —0.000169 radian. The corresponding front
and rear sper deflectlons are, respectively,
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yp = -a(x + 15) cos A

-0.000169(x + 15)(0.707)

(B4)

-0.0001195(x + 15) >

-a(x - 15) cos A

w‘4
[}

-0.0001195(x - 15) _J

The total spar deflections are obtalned by superimposing the
component spaer deflections given by equatione (Bl) to (B4). These
component deflections and the total deflections are listed in the
following taeble for two stations along the spars.

Type of deflection Station, x
(deflection measured in in.) Spar (in.)
(a) 20 100
Deflsction due to elementary Front —0.0256 —0.1278
twisting (equation (Bl)) Rear .0256 .1278
Rigid-body translation to _ _
glve zero deflection at Front -0192 0192
supports (equation (B2)) Rear -~.0192 —-.0192
Deflection to establish Front —.0031 ~.051
continuity with trianguler R::; — 00:331 — gglg
bay (equation (B3)) . .
Deflection due to flexi- -
bility of carry-through gront -00k2 'Olgz
bay (equation (BY4)) ear —.0006 -.01
Total deflection Front -.0521 —-.2126
Rear .0027 .0L66

8positive deflection downward.

Since the equations for the total spar deflections are linear in x,
straight lines may be drawn between the total deflections tabulated
for statione 20 and 100 to obtain the total deflections at inter—

mediate stations. The total deflections are plotted in figure 9{a).
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Figure 1.~

Bending test setup of sweptback box beam.
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Figure 2.~ Torsion test setup of sweptback box beam,
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Figure 3-Details of sweptback box beam,
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Figure 4-Stringer and flange siresses of sweptback box beam for tip bending load.
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Figure5-Shear strasses in top cover and spar webs of sweptback box beam for tip bending load.
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Figure 8-Distortions of sweptback box beam for tip bending load.
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Bending stresses~_ _~Front spar shear

-

Rear spar shear~

(a) Stress distributions for symmetrical
restraint at cantilever rooft.

. ®/

(b) Stress distribution to produce warping
of root cross section,

~ (c) Stress distribution in cantilever borﬂon
of sweptback box beam, obtained by

superposition of (a) and (b).

Figure I0-Qualitative stress distribution in cantilever portion
of sweptback box beam,obtained by superposition,
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